Following the Fukushima nuclear power plant accident, the risk level perceived by Koreans on the radioactive contamination of Japanese food that is being distributed in Korea remains high. Many of these perceptions are based on subjective risk perception rather than an objective measure with scientific evidence, which makes communicating risks more difficult; therefore, it is critical to understand factors associated with risk perception for effective risk communication. In this study, we identified variables that are associated with buying tendencies and opinions about the regulatory policy of Japanese seafood after the accident. A survey was conducted with 1045 adults aged over 20 years in Korea. The majority (68.8%) responded that they would not purchase Japanese seafood when radioactivity levels in the food were non-detectable. Moreover, 82.2% responded that the current levels of import restrictions on Japanese seafood must be maintained. Despite many concerns regarding the exposure to radiation and the effects from food products following the Fukushima accident, the opportunities to encounter and to collect correct information remain limited and average radioactive knowledge scores were low (3.63 out of 9). Of the various characteristics associated with purchase decisions and agreement on the current import restraints of Japanese seafood, trust levels in the government and the mass media for providing information on radioactivity were major factors that influenced risk perception. While the scope of this study was limited to seafood, it is very closely tied to daily lives, where we revealed differences about risk perceptions and agreement on import restraints of Japanese seafood per a complex mixture of individual characteristics and the surrounding environment. These results provide useful information to understand the risk perception of the potential radioactive contamination of food and to predict the public's responses to food consumption and import restraint policies due to nuclear accidents in neighboring countries.
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Introduction
Following the Fukushima-Daiichi nuclear plant accident that occurred in March of 2011 in Japan, the world responded with concerns towards the radioactivity contamination of Japanese food and a subsequent decrease in the purchase of Japanese food [1] [2] [3] . Where the accident had occurred, the in-food levels of radioactive cesium were strengthened to 100 Bq/kg (April 2012) by the government of Japan, which was followed by the Korean government's mirroring of these regulations for Japanese food products (including dairy products) in Korea, strengthening general food products from 370 Bq/kg to 100 Bq/kg, and milk and baby's food products (including baby formula) from 370 Bq/kg to 50 Bq/kg. While the Korean government consistently requested information on the management of radioactive contamination of Japanese food and its transparency, the Japanese media reported daily discharges of hundreds of tons of radioactive contaminated material. This led the Korean government to introduce temporary special measures on Japanese food, and a strengthening of radioactive cesium limits on all imported and domestically distributed food products to 100 Bq/kg (tentative levels, and for Japanese-imported potable water, at 10 Bq/kg, milk and dairy products at 50 Bq/kg) [4] . In addition, the Korean government banned all imports of seafood from the Fukushima Prefecture and 8 neighboring Prefectures of Aomori, Iwate, Miyagi, Ibaraki, Chiba, Gunma, and Tochigi, and began to require additional reports on other radioactive nuclides including strontium and plutonium, even though only a minimal level of radioactive cesium was found in Japanese-imported seafood from other regions. In May 2015, Japan filed a case to the World Trade Organization (WTO) stating that Korea placed excessive regulations on their products compared to other countries [5, 6] . However, some organizations in Korea asked for a complete import ban from Japanese food products [7, 8] , and following the news releases [9, 10] on the discharge of contaminated water and the presence of radioactive material in seafood, the majority of Korean citizens remained concerned about the radioactive contamination of Japanese seafood and the related government management policies. As such, the need for effective risk communication by the government on radioactive contamination is required. To achieve this, one must first identify the level of risk perception on radioactive contaminated food and the factors influencing such perceptions.
Most previous studies on risk perception towards food have focused on the risks inherent to food such as calories and ingredients; on the risks of food processing [5, 11, 12] ; or on the management of food such as bacteria, pesticides, and food poisoning [13, 14] . While there were a few studies on the perception of Japanese food following the Fukushima accident, most studies examined Japanese citizens [9, [15] [16] [17] . There were also a few studies on American consumers [3] and Korean consumers [18] on the perception of seafood after the Fukushima accident; however, they mainly focused on the general level of risk perception and awareness about food safety issues related to radioactive contaminations. Furthermore, those studies had limitations in understanding and confirming factors relating to public opinion on regulatory policy regarding potential radioactive contamination of food. Therefore, this study investigated factors associated with seafood-purchasing behavior after the Fukushima accident and the regulatory policy opinions about the potential radioactive contamination of food to understand risk perception differences among the general population, thereby encouraging communication strategies for radiation-related food safety.
Methods

Survey design
Overall, 1050 adults aged 20 to 69 years from across Korea except for Jeju province were invited to participate. Stratified random sampling was used considering the population distribution factors such as region and sex, and the survey was designed with a sampling error of ±3% at a 95% confidence interval. The survey was conducted through face-to-face interviews from November 7 to 17, 2014 in places with a large floating population such as a market and a park. The survey questions were developed by experts in the field of radiation, food safety, risk perception, and communication, and the final copy of the survey questions was reviewed by a committee of civilian experts, which consisted of 10 experts from academia, non-governmental organizations (NGO), and public office, to clarify and validate the questionnaire, and to amend the questionnaire with more easily understandable terms, especially for questions examining radiation knowledge and the contents of basic information about radioactivity and radiation. The survey was composed of 29 main questions: 6 questions on the perception of radioactive material, 7 questions on food purchase, 1 question on knowledge about radioactivity and radiation (9 sub-questions for the knowledge score), 9 questions on the confidence level of radioactive material management and perceptions on safety management policies, and 6 questions addressing the participants' characteristics including sex, age, region, and education level. The questionnaire mainly focused on seafood; the survey was originally planned to understand consumers' perceptions of seafood following the implementation of temporary special measures regarding Japanese seafood to protect against leakage of contaminated water from a storage tank at Japan's crippled Fukushima nuclear power plant. The questionnaire is available in both Korean (original language; S1 Appendix) and English (S2 Appendix). This study was approved by the institutional review board at the Korea Institute of Radiological & Medical Sciences (IRB number: K-1608-002-047).
Statistical analysis
The categorical questions were summarized with percentages, and the knowledge levels for radioactivity were scored by adding the correct answers to the 9 questions (range: 0-9). To identify variables associated with the three main questions (i.e., change of seafood purchase frequency after the Fukushima accident, purchase intentions for Japanese seafood with nondetectable levels of radiation, and agreement on the maintenance of current levels of import restraints on Japanese seafood), each question was set as the outcome variable, and univariate and multivariate regression analyses were conducted with backward selection (p < 0.2 for variable entry, p < 0.05 for variable to stay). A logistic analysis was used to identify factors associated with decreases in seafood purchase frequency and purchase intentions of Japanese seafood with non-detectable levels of radiation. The level of agreement on the maintenance of current levels of import restraints on Japanese seafood was measured using a 5-point Likert scale and analyzed using a linear regression analysis to identify its related factors. Statistical significance was defined as a two-tailed p-value < 0.05 and no multiplicity adjustment was made.
Results
Participants' characteristics and survey responses
Of 1050 people originally contacted, 1045 responded to the survey (response rate = 99.5%; 502 males, 543 females). Participants' demographic characteristics are provided in Table 1 .
Participants' channels of acquiring information about radiation are provided in Table 2 . Of the respondents, 47.9% listed TV as their preferred source of information; 95.1% of respondents related the word "radioactivity" with "nuclear weapons," "nuclear plant accident," or "Fukushima nuclear power plant accident." The reason the respondents felt that their health was threatened was because "radiation was used around us whether we know it or not" (38.4%) and because "radiation is continuously released by the Fukushima nuclear power plant or nuclear power plants in South Korea" (35.4%). Participants' seafood purchasing tendencies are presented in Table 3 . The average radiation knowledge score for all respondents is presented in Table 4 . Participants showed more confidence in the Korean government compared to the Japanese government; however, participants typically had a low level of confidence in both governments. The majority were concerned about news bulletins reporting on the increase in discovery of small amounts of radioactive material, and responded that the current levels of import restraints for Japanese seafood should be maintained despite trade clashes with Japan; 42.7% responded in favor of a complete trade ban until the Fukushima nuclear power plant radioactivity issue was resolved; and 40.8% responded that bans on products from specific regions or on specific items should be implemented (Table 4) .
Factors associated with purchase decisions and agreement with current import restraints of Japanese seafood
Changes in the purchase frequency of seafood following the Fukushima nuclear power plant accident. The majority (64.4%) of respondents answered that the frequency of their seafood purchases "had decreased or they did not purchase altogether" after the Fukushima nuclear power plant accident. To identify variables associated with the response, a logistic regression analysis was conducted. In the univariate analysis, we identified significant factors related to the decrease in purchasing seafood including information experience, concerns with the health effects of radiation exposure, the source of radioactive material included in agricultural products (e.g., nuclear power plants), important factors considered when purchasing food (e.g., origin, safety, and price), types of food that have their origins checked (e.g., seafood), understanding and utilizing information provided by the Ministry of Food and Drug Safety (MFDS), low confidence level in the government and mass media when providing Restraints measures (only responders who agree with import restraints of Japanese seafood)
Must ban all imports of Japanese food products until the problem of radiation from the Fukushima nuclear power plant is fully resolved
(42.7)
Must ban all imports from specific regions (prefectures) or on specific items (e.g., seafood) for the time being 348 (40.8)
Decide depending on radiation tests, but lower the allowed amounts of radiation
(14.4)
Limit only those in excess of allowed amounts and carry on radiation tests radioactive information, low confidence in the management of radioactive contamination of food, concerns with news bulletins, and living with a child or adolescent (Table 5) . While an increase in seafood purchases was found in respondents with higher education levels, both age and sex were not related to the frequency of purchasing seafood. The multivariate analysis indicated that concerns with the health effects of radiation exposure, the source of radioactive material included in agricultural products, types of food that have their origins checked, awareness and utilization of information provided by the MFDS, concerns with news bulletins, and low confidence in the management of radioactive contamination of food and education levels remained significant (Table 5 ). Predicted probabilities of the decrease in seafood purchase frequency were high when there were high concerns with news bulletins and low confidence in the management of radioactive contamination of food (Fig 1) .
Intentions to purchase Japanese seafood with non-detectable levels of radiation. When asked whether they would purchase Japanese seafood when the level of radiation in the food was non-detectable, 68.8% of the respondents answered that they "would not purchase." To identify variables relating to such response, the reference category of the response was set as "will purchase" and a multinomial logistic regression was conducted for the remaining two responses (i.e., I do not know, would not purchase). The results of the univariate analysis showed that the variables related to the negative response (i.e., would not purchase) to the purchase intentions were association with radioactivity (e.g., the Fukushima nuclear power plant accident), concerns with the health effects from radiation exposure, a low radiation knowledge score, low confidence level with the government and mass media when providing radioactive information, low confidence in the management of radioactive contamination of food, and concerns with news bulletins. While there was an increased tendency for purchase intentions in respondents with higher education levels (p = 0.123), difference in purchase intentions per sex and age was not found ( Table 6 ). The multivariate analysis revealed that concerns with the health effects of radiation exposure, a low radiation knowledge score, a low confidence level with the government when providing radioactive information, and concerns with news bulletins were identified as significant variables (Table 6 ). Predicted probabilities of the decrease in purchase intentions of Japanese seafood showed limited changes per the radiation knowledge score, but large changes per the concerns with news bulletins and confidence in the Japanese government (Fig 2) . Agreement with maintaining the current level of import restraints of Japanese seafood. The levels of agreement with maintaining the current levels of import restraints on Japanese seafood were measured using a 5-point Likert scale (i.e., not at all (relaxation of import restraints) = 1, no = 2, average = 3, yes = 4, and definitely yes = 5). Participants scored an average of 4.1. A linear regression analysis was conducted to identify variables related to continuing import restraints. The results of the univariate analysis showed that various variables were related to agreement with the current import restraints including the association with radioactivity, concerns with the health effects of radiation exposure, the source of radioactive material included in agricultural products, important factors considered when purchasing food (e.g., origin, safety), types of food that have their origins checked (e.g., baby food), a high radiation knowledge score, low confidence level with the government and mass media when providing radioactive information, low confidence in the management of radioactivity in food, concerns with news bulletins, age (e.g., 30-50s), occupation (e.g., housewives) and living with a child (Table 7 ). The multivariate analysis revealed that types of food that have their origins checked, radiation knowledge score, low confidence in the Japanese government and mass media on radiation information, concerns from news bulletins, and occupation were still significant (Table 7) . Strong agreement with the current import restraints were observed for high radiation knowledge and low confidence in information provided by the mass media; however, their changes of the level of agreement were relatively limited compared to changes associated with concerns with news bulletins and confidence in the Japanese government (Fig 3) . Reference categories for each independent variable: experience of information receipt (no), association with radioactivity (hospitals), health influence when exposed to radiation exposure (cancer), health influence concerns from radiation (no), type of radiation included in agricultural products (natural radiation), important factors in food purchase (quality and taste), products whose origin is checked (all products), awareness of updated information on the MFDS's website (No), utilization of information from MFDS (no), sex (male), age (20s), education levels (high school or below), occupation (housewives), age of family members (none).
https://doi.org/10.1371/journal.pone.0187655.t005 The y-axis denotes probability estimates with the decrease in seafood purchase frequencies after adjusting for significant variables in the multivariate model. The 95% confidence interval on the estimates is shown in blue shading. Higher concerns with news bulletins increased the probability of not purchasing seafood (A), and the higher the trust in management of radioactive contamination of food, the lower the probability of non-purchases (B).
https://doi.org/10.1371/journal.pone.0187655.g001
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Discussion
To understand the factors influencing the risk perception on radiation-related seafood and opinions on the regulatory policy, this study examined changes in seafood purchase frequency after the Fukushima accident, purchase intentions of Japanese seafood with non-detectable levels of radiation, and agreement with the current levels of import restraints of Japanese seafood as key questions of interest. In this study, most respondents decreased their purchases of seafood after the Fukushima accident and would not purchase seafood, even if the levels of radiation in the food were nondetectable. These results are similar to a recent study [18] reporting that 77% of respondents did not purchase Japanese food products after the Fukushima accident, and showed that the majority of consumers, despite more than 3 years having passed since the Fukushima accident, are still avoiding Japanese seafood. In a similar study that surveyed Americans, 33% responded that they saw decreases in purchasing Asian seafood products after the Fukushima accident and 63% of the respondents thought that there would be threats to consumer health from Asian seafood [3] . Such differences between the attitudes towards seafood purchase by U.S. and Korea seem to result from differences in survey questions (e.g., Japanese food vs. Asian food), differences in the level of concerns owing to the difference in physical distance from Japan, and differences in food consumption habits such that annual fish consumption in Korea (58.4 kg per capita) is higher than that in the U.S. (23.7 kg per capita) [19] ; however, the general negative perception of seafood from neighboring oceans after the Fukushima accident seems to be similar. Reference categories for each independent variable: experience of information receipt (no), association with radioactivity (hospitals), health influence when exposed to radiation (cancer), health influence concerns from radiation (no), type of radiation included in agricultural products (natural radiation), important factors in food purchase (quality and taste), products whose origin is checked (all products), awareness of updated information on the MFDS's website (No), utilization of information from MFDS (no), sex (male), age (20s), education levels (high school or below), occupation (housewives), age of family members (none).
Relating to information searching activities and levels of radiation knowledge, a previous study [18] reported that 19.1% of the respondents searched for information relating to the Fukushima accident; moreover, this study reported similar results with 17.4% of the respondents knowing that the MFDS website was providing information on the management of radioactivity in imported food on a daily basis, and 17.7% of the respondents referring to the information provided by the MFDS when purchasing food products. The radiation knowledge scores averaged 3.63 out of 9, showing similar or lower levels to the score of 3.1 out of 6 in the previous study. While there were differences in the survey questions between the studies, this shows that despite a high level of interest and concern on the exposure to radiation and the effects from food products following the Fukushima accident, the opportunities to encounter and to collect correct information remain limited.
In most studies on risk perception including food safety, women were found to be more sensitive to risk than men were [14, [20] [21] [22] . In an Australian study, the odds ratio of women's level of concern about food safety and quality were 1.69 (p < 0.05), indicating women's concern was significantly higher than men's concern [22] ; other perception studies showed that women were more concerned than men about bacteria in food (women: 80.2%, men: 70.8%), food additives (women: 81.0%, men: 73.2%) and pesticide residues in food (women: 80.1%, men: 70.6%) [14] . This study also found that women were more concerned about the health Fig 2. Changes in the purchase intentions of Japanese seafood with non-detectable levels of radiation per the radiation knowledge score, the level of confidence in the information provided by the Japanese and Korean governments, and concerns with news bulletins. The x-axis shows the radiation knowledge score (A), level of confidence in the information provided by the Japanese government (B), level of confidence in the information provided by the Korean government (C), and the concerns with news bulletins (D). The y-axis denotes probability estimates of non-intention to purchase Japanese seafood with non-detectable levels of radiation after adjusting for significant variables in the multivariate model. The 95% confidence interval on the estimates is shown in blue shading. The increase in radiation knowledge score, as well as the levels of confidence in the information by Korean and Japanese governments decreased the probability of non-purchasing intentions of Japanese seafood with non-detectable levels of radiation (A, B, C). The increased concerns with news bulletins were associated with an increased probability of nonpurchasing intentions (D).
https://doi.org/10.1371/journal.pone.0187655.g002
Risk perception and purchase decisions of Fukushima-related food risks of daily exposure to radiation; however, the difference between men and women was 6%, and was not statistically significant for the key questions about risk perception in this study including seafood purchases, purchase intentions, and agreement with maintaining the current import restraints of Japanese seafood. While a previous study on purchasing Japanese food products [18] showed statistically significant differences by sex, the size of the difference was also around 5%, not representing a large difference in the risk perception compared to other harmful substances; this might indicate that a radiation accident in a neighboring nation has had a large influence on the citizens regardless of sex.
Common variables associated with conservative responses to Japanese seafood from the univariate analyses in this study included concerns about health effects from radiation exposure, low confidence level in the government and mass media when providing radioactive information, and concerns with news bulletins reporting on the increase in discovery of small amounts of radioactive material (Fig 4) . Therefore, it is important to deliver information regarding not only radiation exposure, but also the potential health effects from that exposure, to better communicate the risks of radiation-related food safety issues. This relies on trusting the government and the mass media. Awareness and utilization of information provided by the MFDS was related to the decrease in seafood purchase frequency after the Fukushima accident; however, it was not related to the purchase intentions of Japanese seafood with non-detectable levels of radiation or agreement with maintaining the current import restraints of Japanese seafood. Therefore, perhaps respondents with more concern for radioactive contamination of seafood were more interested in information gathering, rather than adhering to the information provided by the MFDS. While there was an increasing tendency in the purchase frequency for respondents Hosmer-Lemeshow goodness of fit 0.133 a with higher education levels, the agreement with maintaining the current levels of import restraints of Japanese seafood was not related to education levels. Similarly, a higher radiation knowledge score was associated with the increase of purchase intentions for Japanese seafood with non-detectable levels of radiation, but strong agreement with maintaining the current import restraints. This implies a low level of confidence on the management of Japanese seafood and conservative tendencies towards food safety, regardless of education levels. Age of family members was not statistically significantly associated with any key questions in the multivariate analyses (p-values = 0.064-0.194), which might be masked by other factors. However, this variable could be utilized to identify people who are more sensitive to perceived risk in a simpler and objective manner. Our results cannot be generalized to risk perception of all radiation-related food because the major survey questions focused on Japanese seafood following the Fukushima accident. However, since seafood consumption is very closely tied to daily life in Korea, where we revealed differences of risk perceptions per a complex mixture of individual characteristics and the surrounding environment, our findings could reflect typical characteristics of the public's responses to food safety regarding radiation exposure. In addition, this survey was the first study to examine public opinion on import restraints of the potential radioactive contamination of food in South Korea. As South Korea is a neighboring country of Japan, these national . The y-axis shows estimates on the level of agreement of maintaining the current import restraints of Japanese seafood after adjusting for significant variables in the multivariate model. The 95% confidence interval on the estimates is shown in blue shading. Higher radiation knowledge scores and concerns with news bulletins were associated with increased agreement with maintaining the current import restraints of Japanese seafood (A, C), and higher levels of confidence in the Japanese government and the mass media were associated with the decreased agreement with maintaining the current import restraint levels on Japanese seafood (B, D).
https://doi.org/10.1371/journal.pone.0187655.g003
Risk perception and purchase decisions of Fukushima-related food survey results could help policy-makers understand the public's risk perception of potential radioactive contamination of food and predict their responses to food consumption and import restraint policies due to nuclear accidents in neighboring countries. While this study enables the understanding of risk perception on the potential radioactive contamination of food at a single time point after the Fukushima accident, it is limited in assessing the trends of changes in risk perceptions thereafter. As such, further studies are required that address longterm risk perception changes and on identifying influencing factors thereof. We are planning to conduct the same survey including additional questions exploring responses to different types of information sources, and expect to present a long-term trend of risk perception and purchase behavior of Fukushima-related food, which could provide insight on implementing communication strategies for radiation-related food safety.
Conclusions
Our results have real-world implications for the public's responses to food safety including consumption behavior and import restraints due to nuclear accidents in neighboring countries. This study revealed a lingering high level of concern regarding risk of Japanese seafood in South Korea following the Fukushima accident. The risk perception was associated with a complex mixture of individual characteristics such as education level, radiation knowledge, and confidence in the government, and the surrounding environment such as news bulletins and one's family members. Therefore, effective risk communication requires the understanding of baseline levels of awareness and the heterogeneity of risk perceptions per communication targets. In particular, confidence in information providers including government agencies has a large influence on risk perception of radioactive contamination of food as well as consumption behavior and policy directions; thus, trust needs to be built between the provider and the recipient of information. Moreover, bilateral information communication and the development of education programs wherein the public, especially families with young children, can participate should be encouraged for dissemination of correct information on radiation-related food safety. 
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